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.  Th.6  purpose  of  this  v.-ort  ia  co  find  Zhe  the->r."’odyneailc 
functions  of  the  DXA  nolcculoc,  Thanaodynsaic  function  may 
bo  readily  calculated  if  vra  Isiov/  the  statistical  sum.  In  or¬ 
der  to  calculate  the  atatlatical  hum,  vro  should  adopt  a  do- 
finite  inodol,  ^ 

1,  ’.7o  shall  proceed  from  tho  VJatson  and  Crick  modeld). 

In  this  rx.'.oi,  the  Dh'A  moloouxos  have  tho  fona  of  two  counter 
spir-als  liiijccd  by  hydrogen  bonds.  The  lengths  of  tho  hydrogen 
borms  ere  strictly  fixed  and,  according  to  niaaerous  ©xperimonto, 
are  ^o.v.^v.hst  loos  than  S.t,  Lot  us  denote  the  length  of  the 
hyei-ogen  bond  by  r©.  Tho  .  energy  of  tho  hydrogen  bonds  may  bo 
iioasurod  according 'to  a  spoctrogroia.  In  fact,  when  the  box>d 
li,  broken,  there  radiates  a  wave  whoso  length  is  uriomblguously  . 
linked  with  tho  bond  onergy.  The  bond  energy  depends,  In  turn, 
on  the  bor-d  length,  Tho  spectrograms  obtained  during  the  break-r 
Ing  of  ths  hydrogen  bonds  of  OllA  molecules  have  one  clear  line 
without  any  blurring.  This  moans  that  the  potential  bond  ea- 
orgy  is  fixed  very  strictly  and  tho  bond  potential  has  the  form 
of  a  narrow  ollt;  it  io  equal  to  Iriflnity  ov0r3r.vhore,  except 
vdiea  the  bond  length  Is  equal  to  r©.  At  this  length  4^ {ro)  = 

V/q  =  const,  i 


i 

I 

I 

i 


Tho  molecule  spirals  coiislst  of  successively  connected 
links  of  four  typos.  The  differences  in  the  types  of  tha  llzuca 
are  due  to  the  presence  of  four  different  radicals:  adenine, 
thymine,  isanine  and  cytosine,  The  links  of  the  spirals  of 
ua  oQullibrix'ai  moleoulo  perform,  thermal  vibrations,  nMever, 
t  *0  nature  of  the  interaction  potential  between  the  bonds  la- 
ooscs substantial  limitations  on  this  r-ovement:  as  any  organic 
polymers,  tho  DNA  has  fixed  valonco  angles,  l,s.,  a^los  be- 
twoon  too  neighboring  linlcs  in  the  planes  passing  through 
these  links.  Thus,  pairs  a®JSbborlng  Ijjks  wpj^oat  sm^ 
thing  like  rigid  trianglec,  and  thomsl  vibrations  aro  nothing 


-  1  - 
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lau«  the  ohan^os  ox  thi  angles  bc-'iv.'coa  cuch  trlanjleo.  In  aorA 
popular  terns.  It  is  ou3torr.iv  to  the  (i:+l)-th  link 

Mtateo  alon^;  a  cono  in  rolstion  \,o  tl.o  !:-th  link,  and  angle 
#2^  called  tho  rotation  Juiglo  about  the  k-th 

oob41**J,  l‘ho  lini:  l6n;:;tn3  arc  aosiv i  to  bo  conctant  (not 
neoessarlly  identical)*  It  is  evident  tbut  tho  constancy  of 
tikc  link  long  tho  end  valv  oo  angl.s  leaves  a  aingl©  degroo  of 
troodom  (onsleo  C{^)  and  tlio  ayst^..:  is,  essentially,  a  one-dl- 
menaional  systea,  although  the  nol  iculo  is  situated  in  tho 
usual  throo-dinonsional  space,  this  fact  is  utilised  In  oal- 
oulStins  tho  tl:or*iodynanic  functions  of  tho  DI^A  aolcculos. 

For  exanplo.  In  Zina's  \vorkc(3)  tho  discussion  is  reduced  to 
tho  ono-dlmenslonal  ising's  nodol* 

• 

Lot  us  also  note  that  a  qualitative  explanation  of  the 
•Plral  torsion  of  the  chains  consisting  of  a  sequence  of  links 
aaj  only  bo  given  in  a  coir.plotoly  general  caso(^),  in  this 
eoss,  the  potentials  interaction  between  the  neighbor- 

lug  trianglus  nay  bo  ayraaotrical  and  it  is  only  necessary  that 
there  should  be  a  certain  force  f-£  0  applied  to  tho  erkls  of 
tho  chain*  If  the  tensile  force  disappears,  then  the  spirals 
my  ohenge  Into  a  ball}  hov;ovor  this  is  prevented  by  tho  pro- 
senoo  of  friction*  Strictly  speaking,  the  opiral-llko  struo- 
;tttro  at  f  5^0  Is  a  result  of  tlie  correlations  between  the  ro- 
tationa  of  tho  links  and  represents  a  collective  effect* 

S*  b'o  shall  also  consider  only  the  interaction  between 
the  so  laboring  triangles  as  essential*  Generally  spoalclng, 
the  form  of  the  interaction  potentials  Is  not  known  at  the 
present  tise;  however,  there  is  no  basis  to  assume  that  the 
intaraotlon  is  of  a  long- range  nature  and,  therefore,  tho 
.  approaching  of  the  nearest  neighbors  should  satisfy  all  the 
reasonable  remilrements*  iioreovor,  lot  us  suppose,  as  it  is 
UdtuULly  dono(^>^),  that  Hamilton's  function  of  the  system  may 
be  represented  in  the  form  of  a  sun  of  two  addenda  one  of  which 
depends  oi^  on  the  coordinates  and  the  other  only  on  the  im¬ 
pulses* 


Strict  examination  indicates  that  in  tho  polymerio  ohain 
Eaiiiltonian,  there  is  s  third  addend,  where  the  izapxilses  and 
the  coordinates  are  siixed*  This  cddczid  may  be  ignored  only 
when  the  intaraotlon  potentials  of  the  "triangle e"  have  a  shapa 
of  stiff ioiently  narro\7  and  deep  wellst^}*  naturally,  this  re- 
quirment  is  more  strict  than  the  approaching  of  the  nearest 
neighbora,  howevar,  it  is  still  a  gexie rally  aooepted  require-, 
ment  and  wa  shall  leaVa  it  in  force*  Thus,  we  asstnae  that 
Hamilton's  fimotion  of  the  SNA  moleoule  may  be  written  In  the 
form  uf 


(1) 


liriica,  and  q  is  cri  i\ 
then  tho  statistic, Jl 


- li.'.nulses  qf  tho 
raj,  oi  a.'^^r  ^cnaraliacd  coordinates: 
u....  ha^  tho  ior„:  '  ^ 


lO  ' 


(2) 


\^ore  Into-ratlon  ttl.aa  piaco  ovor  the  entire  phase  space 
p  and  1/kd'  —  inverse  tciioorature. 

Integration  ovor  tivj  ii.-.pulses  with  tho  .ascuaptions  that 
have  been  made  is  done  i:-.  sicnontar/  .sarjior(2)^  therefore, 
wo  shall  ootisider  tho  cor.*  l^^^iratlon  jart  of  the  statistical 
sum  or,  as  they  auy,  the  configuration  integral 


ia\ 


(3) 


whoro  intocrvVtlon  io  performed,  over  tho 'entire  conf  i^piratlon 
spaced  • 


k-l.K^c+ls:  ‘O'*  the  solid  angle  bot\7oon  the 

rigid  trianclos,  tho  first  of  which,  is  constructed  on  tho 
(k^-D-th  and  k-th  links,  arid  tho  secorid  on  the  k-th  and  the 
(k-l)-th  links.  Tlion 


Q"*  j  •••  <>9^.  .•••  .  + 

+  (9i.  •  ♦  •  »  9w)  +  W')J 


(Sa) 


licro,  the  ur.a^ccentod  belong  to  the  same  spiral, 
and  the  accented  —  to  the  other  spii-al;  Nx  ♦  1  and  Ng 
1  aro  the  nuabors  of  links  of  the  first  and  the  second  spirals, 
roapoctivcly,  and  \7  —  is  a  potential  interaction  energy  of 
the  tplrala, 

3.  Lot  us  nuke  a  fev;  remarks  regarding  \i'.  If  the  DHA 
molecule  is  Isolntod  and  tho  number  of  the  hydrogen  bonds  of 
tho  llnkiCig  spirals  is  equal  to  k,  then  on  the  basis  of  the 
remarks  in  Paragraph  1, 


W  — Aw»>  t 

#  •  •  t 

Tho  situation  Is  different  if  the  moleoule  la  placed 
in  a  solution.  Following  tho  example  of  Frank-Kamonetskiyi ”), 
let  us  call  a  tie  any  factor  that  changes  the  difference  of 
free  enargies  of  the  bound  and  free  states  of  the  nucleotide 
polr*  If  ttere  ere  tiee  tor  tho  part  of  the  configuration 


9 


factor  c::p(-|3v/). 


inte^aX  oona^cttd  ..i  tl-.c  iiviojrr'.r.t 

Obtain  wa  c\prosslou(?) ; 

■SV-i- 


!(■.  Af.  A.  f,,  /JaiA;+‘  ;-i--|X.(X.-l)-p»a,-l+o)j! 

l^-X.  J 


we 


(4) 


^MCO  a*Mi  +  X=ll2  +  1,  n^lT/k,  p=osp(|iA  ),  s  ==c:<p(  fi F^), 

’*®*Pt*  ^  ^2);  i'l  is  the  differoaco  cf  the  free  onorcloa  of 
th«  uxxooupled  and  coupled  paira,  if  It  la  follov/od  by  a  coup¬ 
led  pair,  <f  A  la  tho  3s,ac  for  a  pair  with  a  tie,  F2 
la  tha  value  subtracted  frori  Ft  if  the  coupled  pair  is  followed 
Ib^  an  uncoupled  pair  and,  finally,  7i^  end  are  the  eharaeter- 
iatlo  nunbera  of  the  matrix 


B:q>ros3ion  was  obtoinod  with  certain  assvnptions 
foxuulated  in  vorkC^)*  in  the  aauo  work  a  nore  soneral  ca^e 
la  eonaldered  when  the  tie  a  ssty  iLOve  from  one  pair  of  bases 
to  another* 


We  shall  ignore  the  mochaniam  fastening  the  spirals, 
but  will  eoxieentrate  our  attention  on  the  role  of  thermal  no* 
tion  of  the  links  making  up  the  ’spiral.  I'oreover,  keepixig  in 
aiind  the  rigid  nature  of  the  hydrogen  bonds  between  the  spirals 
(ass  Psragrqgi  1),  let  us  consider  that  these  meehanisms  are 
not  boaaad*  Shan  (3s}  will  assuzoo  the  following  fomt 


.  •  • 

X  •••  tfx)+t^t <»!.••••  e^)J) 


(5b) 


Wo  have  assumed  here  that  +  lmN2  1,  thus, 

'  integration  from  0  to  2ir  is  of  a  2  N^multiple  zxature* 

4,  All  that  has  been  said  above  may  be  summed  up  In 
tbs  following  way.  The  configuration  integral  of  the  DKA  nolo- 
euXs  has  the  form  of  (3b)  if  the  following  assumptions  are  trust 
a)  Hamilton's  function  may  be  presented  in  the  fom  of  (X)  which 
is  a  gensrsUy  accepted  assucqption;  b)  the  correlation  bstwssn 
the  foross  coupling  the  spirals  and  the  thermal  motion  of  the 
spirals'  links  Is  nail* 

All  further  caloulstlons  are  of  a  ooapietaly  prsolse 

aatnre. 

t 
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m  ord«r  to  aako  this  prdblMi.  fomallj.  a  unldlaoa* 
•lonal  ono.  lot  tu  mote  tho  foUovlng  ottbatltutlon  of 
variobloo  la  tba  iatagraalx  wo  aaaame 


*»-S 

KK* 


id&oro 


yr=aiL.wiV?» 

10^  I  iwyi-f4hiS«/l 


(ft). 


(fta) 


1  la  tho  dlatanoo  botwoon  tho  goometrioal  oontera  of  the  l^th 
and  tho  (i<fl)-th  triangloa,  and  w  la  tho  walua  of  the  angle 
ai9pl«MBtlag  tho  woloat  oao  to  ir  •  Vbxmula  (5)  i.»  obtalaod 
f roa  a^lo  geometrical  eoaalderatlona  (for  more  <;etaila  aee 
work(*l* 

It  ia  aeea  from  f ommla  (fta)  that  the  waluea  of  Ax 
are  located  betweoa 


and 


■  Afan.  ■■  a  !<■««/ (mta -i-mM  yrTTSi^ 


Ob  the  atrei^th  of  the  eorreapoadenoft  (6),  we  cam  pro* 
oeed  from  the  poteatlala  of  the  lateraetloa  betweea  the  tri* 
anglea  4>(^)  ^  poteatlala  of  ^(Ax)»  tdaitationa  from 
top  and  teotcm  by  the  walmea  Axk  Mault  ia  the  reooiromonO 


,  at  *<« 

at 
«  at 


where  f (z)  la  a  fmootloa  which  la  obtained  from^  ^  (^ 
^  ia  aObatltuted  by  x  aecordlag  la  fonmlaa  (6)« 

tesreaaloa  (ft«b)|  after  tho  abore  aabati^iom, 
life" 


fo: 


aa  follovai 


4,-  iS* 


■I. . 


mV  a* 


(a  #  9  . 

ti»  ■>»  »  la_\ 


T' 


y. ■  • 

•  ft  • 


♦ .. 


(fta) 


•  /  '*»_•.  ■  J'”V •  '  I I.’  -  •  •  f  t  •'  i  •  ^*4  *'  o  •  i "  •*  »•  *  ’ ‘  ' 


a  I 


Faotor  tf*  in  foxwula  (3o)  ha«  appeared  because  of  the 
«ibif:ul%]r  of  the  correspondence  between  <p  and  Ax.  In  fact, 
teo  angles  <p  differing  by  IBOO  eorrespond  to  one  value  of  the 
dletenee  /lx  between  the  centers  of  the  neighboring  triangles, 
Mif  therefore,  fiM  different  methods  of  the  distribution  of 
tie  sheim  im  apaee  eorrespond  to  one  definition  of  the  ooor* 

**®*^**  *8,  •••,  xg)  at  the  seme  value  of  total  potential 


The  ealoulation  of  the  Jacobian  of  the  transition  fr 
oeeidlwetee  (  <jpa,  ...)  to  coordinates  (xi,  X2,  ...)  is 
eessnnll, shell  in  en  elementary  way,  inasmuch  as,  aooordii^  to 
fOanuee  (d)  end  (da),  only  the  elements  on  the  main  diagonal 


ttie  malm  diagonal  are  nonsero* 


do  o  reamlt  of  this,  we-  obtain 


i  ■««  ■  e<r\  _ 


•^+«»Kr+«aK;^  <•) 

Led  ms  stAwititate  (d)  im  (do)  introducing,  for  brevity, 
foUotriag  eaprossiomt 


(do)  will  assuae  the  fomi  of  i 

!  4  ■  S 

X  5*; ...  J  if;  5  m;  n 

<  •  •  I  ^ 


.  <  -  S  -i  •  (S,, 

d*  Inae—sb  as  integration  in  (dd)  by  the  unaeeented 
I  ooesntsd  eoordlaates  is  dons  ssparmtsly,  it  is  suffi« 


olomd  to  smlomlodo  the  imdegrol 


Let  ua  tak*  advantage  of  the  nethod  uaed  earlier  in 
vork(O),  Lat  ua  denote  the  Laplatian  foma  of  the  funetlen 
"bf  a  tilde 


Let  ua  Introduce  a  aequenoe  of  funotlona 

i 

i*!  -  OiS  %  W  -  5  w " ’> '**• 

where  each  la  obtained  aa  a  convolution  of  with  0||» 
Ualng  the  convolution  theorem  (the  Laplaeian  fom  of  oonvolu* 
tion  of  two  fdootiona  ia  equal  to  the  product  of  their  Lapla* 
clan  foxaa),  let  ua  perform  H  tinea  in  aequanoe  the  Laplace 
tranafoyn  of  the  eiqpreaalon  of  q*  da  a  roault,  we  ahall  ob¬ 
tain 


and  now  the  calculation  of  q  ia  reduced  to  the  integral 


it! 


Ejcpreaaion  (7)  pemita  fur^er  alnplifloation,  ainoe 
only  four  typea  of  linka  can  occur  In  the  DHA  noleculea  (ade¬ 
nine,  thymine,  iaanine,  and  eytoalne).  Inaamueh  aa  potentiala 
depend  on  the  mutual  diatributioh  of  two  nel^boring  tri- 
uiglea  or,  in  other  worda,  on  three  oonaecutive  linka,  the  non- 
l>er  of  potentiala  of  varioue  nature  ia  determined  by  the  nwa- 
ber  of  oomblnationa  of  four  elementa .  in  groupa  of  three  d^fer- 
either  in  the  elementa  themaelvea  or  in  their  order  wira 
an  additional  condition i  tdien  the  direct  order  of  one  combin¬ 
ation  ooinoidea  with  the  reveree  order  of  the  other,  the  eo>^ 
binationa  are  oonaidered  to  be  identical.  Let  ua  wq>laln  thia 
bs  an  exmaplet  aequenoe  (ademine,  thymiiM,  iaanine)  reaulta 
S  a  diffe^t  potential  than  aequenoe  (thymine.  ^en|^,  iaa¬ 
nine),  however  the  potentUl  eorreaponding  to  it  ia  the  aame 
aa  for  aequeo**  (iaanine,  thymine,  adenine),  s 

A  aimple  ealeu]atioa^  reaulta ‘in  a  eoneluaion  that  tte 
nnber  of  wloua  eembimtiena  ef  the  abov^eotloned  tone  ie 
qo  iO,  fbM,  the  —bar  of  variems  fnnotiena  of  vgio- 

-  to-»,  "” 


•  T  • 


ZC  th«  ood*  of  tho  awloottlo  is  known,  thon  it  is  known 
«hak  portion  of  tho  yf  groups  of  throws  of  tho  links  bolonso 
to  ooih  of  tho  poosiolo  typos* 


It  is  orldont  that 

Ti + T»  +  •  *• 

thso,  ojvrossion  (7)  noj  bo  writton  so 

♦- 555 

*lrcw<  — l|ir-f  tMfW  . 


(a) 


yir=jiy7=i>«PS 


(8s) 


Halts 


Za  orAoV  to  oslooisto  tho  intogrsl  of  (8)  in  ssyaptotio 

•  •  * 

••I'r**  •»,  Ha  —  —  / 

.  S  ..I  • 


lot  «s  ttso  tho  ssddlo  point  nothod* 

Vo  ihalZ  salt  tho  osloulstions  so  thdf  ossotly  ropost 
oaplsiiMd  in  worksC^t), 


Lot  mo  giro  tho  f  hosl  rooult 

•  *  .  *  * 

f  is  fores  spplidd  to  tho  ondo  of  tho  ohsin,  Q  is  in- 
troimo  tomporsturo,  M  is  tho  mihbor  of  links,  and  R  is  dotor- 
~  tp  f oxaalas  (8)- sad  (8s)* 


Zf  wsrious  I^,  and  Lg,  ig  oorrospond  to  difforont 
opirala,  thorn  tho  oqprosoion  for  Q  sssuaos  tho  foHowiag  fomi 


r»  A.  i'l. 

•  •  • 

^Mkoo  sad  Lg,  Vdieh  sro.  oqual  to 
tho  "ogostion  of  ststo*(8)  | 


(0) 


PlnftUj, 


(10) 


where  the  feotore  which  are  unessential  dtu'lng 

further  transition  to  InQ. 

In  order  to  obtain  the  total  statistical  sum  £. ,  It  Is 
nece88ar7  to  snaltlply  0  further  by  the  part  of  the  statistical 
sum  connected  with  space  Integration  of  the  impulses.  If 

18,  l3,  snd  I4  arw  moments,  of  Inertia,  and  x*2,  rg,  and 

r4  are  the  radii  of  Inertia  of  the  links  belonging  to  four 
different. types,  then  the  liqpulse  part  of  the  statistical  sum 
has  the  forms 


QAfti)!  (WtJI  (Wt (WT Jl 

Svi 


(11) 


Where  h  is  the  Planck  constant  and  are  the  portions  of 
links  of  eaoh  kind  in  the  spirals 


Thus,  nam  we  can  write  an  esqpresslon  for  the  etatlstl* 
eal  sum  of  the  molecule  (let  Vg) 

(12) 

idxere  expresslsms  for  J  and  Z  are  glwen  by  formolas  (11)  and 
(*)• 

Thermodynamic  functions  may  be  ealculated  by  the  otea» 
dard  foimulas  of  statletioal  physios* 

yree  eaergyt 


-  •  • 


Aktropj 


s 


JklnS-tpi^ 


•to* 


SuoPBing  VP  tho  abOYo,  «•  aeo  that  tharmodynamlo  f\mo- 
tlona  of  the  DNA  aolooule  In  a  aolutlon  may  be  oaloulated  If 
th«  aaauqptiona  briefly  fomalated  in  the  beginning  of  para¬ 
graph  4  are  true*  .  For  concrete  caleulationa  it  ia  naceaaary 
to  haYo  eaqplioit  expreaaiona  for  the  interaction  potentiala 
of  the  linka*  groupa  of  three  @ic(3c)»  to  know  the  codea  of 
the  molecule  a,  i.e.,  numbera  and  T^*  Formally,  from  the 
thexmodynamio  point  of  Ylew,  moleculea  can  only  differ  in 
their  different  aeta  of  numbera  y  (k  si,  2,  20).  The 

caleulationa  themaelYea  are  reduced  to  Yery  ainqple  quadratic  » 
fonoulaa  (8a)  which  are  eonaiderably  aimpler  than  the  problem 
of  finding  the  Ibndamental  funotiona  and  fundamental  Yaluea 
of  integro-wifferential  equationa  in  a  method  uaing  the  MarkoY'a 
prooeaaoa*  Moreorer,  mathoda  connected  with  UarkoY'a  ohaina 
require  the  aaauwptlon  of  the  apirala*  homogeneity(8),  i.e*, 
they  do  not  take  into  oonaideration  their  coded  nature  and 
oeaiiet  "dieerlainete*  the  molecule  e  of  different  nature* 

e  *  • 

In  oonoluaion,  I  expreaa  gratitude  to  S.  V.  Tyabli- 
koY,  V*  Z*  ZYanoY  aM  the  late  M*  L*  Taetlin  for  their  Yalu* 

able  diacuaaioae* 

•  •  * 
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